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COMPOSITE SPRING DESIGN THAT ALSO PERFORMS 
THE LOWER CONTROL ARM FUNCTION FOR A 
CONVENTIONAL OR ACTIVE SUSPENSION SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to a vehicle suspension system. More 

specifically, the present invention relates to a composite spring and method of 

manufacturing such a spring that functions as a lower control arm while 

simultaneously serving as the coil spring, stabilizer bar and shock absorber in a 

suspension system. 



1' 

B BACKGROUND OF THE INVENTION V 

\/ . 

i A ^[0002] Springs and more specifically,\and mote~speeificallyJ leaf and coil springs, 

^•7 — — 

■ are used to form a portion of a suspension system used to suspend a vehicle's 
running gear from the vehicle's frame and/to provide stability to the vehicle as it is 
subjected to compression, tension, torsion and bending forces during operation. 
[0003] It is well known in the art to form composite leaf springs for use as a spring 
and/or control arm in a vehicle suspension system. The composition of the leaf spring 
varies with the location of the suspension system. Generally, multi-leaf springs 
formed of a plurality of metal leaves and rubber disposed between the leaves are 
used for rear suspensions while coil springs, as stated above, are used for a vehicles' 
front suspension. More recently, composite leaf springs constructed of glass fiber in 
an epoxy matrix have been developed to replace steel leaf and coil springs in 
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production passenger cars. Examples of these springs and a method for making the 
same may be found in U.S. Patent No. 3,968,958 issued July 13, 1976 to Huchette et 
al. and entitled "Composite Material Springs and Manufacture;" United States Patent 
No. 4,611,793 issued September 16, 1986 to Nishiyama et al. and entitled "Leaf 
Spring Assembly for Wheel Suspension;" U.S. Patent No. 4,659,071 issued April 21, 

1987 to Woltron and entitled "Process for Producing a Plastic Leaf Spring, as well as 
a Plastic Leaf Spring Appropriately Manufactured According to this Process/' U.S. 
Patent No. 4,771,997 issued September 20, 1988 to Haldenwanger et al. and entitled 
"Motor Vehicle Fiber-Reinforced Synthetic Material Leaf Spring or Transverse Link with 
End Clamp/Power-Induction Unit;" U.S. Patent No. 4,772,044 issued September 20, 

1988 to Booher and entitled "Vehicle Suspension System with Flexible Control Arm;" 
U.S. Patent No. 4,969,633 issued November 13, 1990 to Ryan and entitled "Molded 
Fiber Reinforced Plastic Leaf Spring;" U.S. Patent No. 5,016,861 issued May 21, 1991 
to Thompson et al. and entitled "Mounting of a Single Transverse Leaf Spring for 
Vehicles;" U.S. Patent No. 5,118,373 issued June 2, 1992 to Krummenacher and 
entitled "Method of Winding Fiber Material to Form a Leaf Spring;" U.S. Patent No. 
5,425,829 issued June 20, 1995 to Chang and entitled "Method of Manufacturing 
Hybrid Composite Leaf Springs;" along with many foreign patents and publications. 
[0004] None of the above-described patents disclose the use of a composite spring 
that includes dimensional integrity and flexibility as part of a suspension system for 
automotive vehicles. The apparatus and method of making the apparatus of the 
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present invention includes both dimensional integrity and flexibility in a single 
element. The composite spring of the present invention replaces the control arm, 
spring and stabilizer bar in a conventional suspension system and additionally, the 
shock absorber in an active suspension system. 

SUMMARY OF THE INVENTION 
[0005] It is, therefore, the object of the present invention to provide an improved 
vehicle suspension system. 
^ [0006] It is another object of the present invention to provide a composite spring 

SI 

£ for use in a vehicle suspension system where the composite spring replaces the lower 

=P control arm, the stabilizer bar and the coil spring in a standard vehicle suspension 

£j system. 

J [0007] It is another object of the present invention to provide a composite spring 

nil 

y for use in a vehicle suspension system where the composite spring replaces the lower 
^ control arm, the stabilizer bar, the coil spring and the shock absorber in an active 
vehicle suspension system. 

making a composite spring for use in a vehicle suspension system that is formed of 
^ ~~ both carbon and (graphjte fibers and having a sinusoidal profile transversely mounted 
about the vehicle fradae. 

[0009] In a preferred embodiment of the present invention, a flexible, resilient 
composite spring is pivotally connected to the vehicle wheel assembly by standard 



yU°^j [0008] It is further an object of the present invention to provide a method for 
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means such as a ball joint and knuckle. The composite spring is formed having a 
sinusoidal profile with rectangular cross-section preferably spanning transversely 
between parallel vehicle wheel assemblies. The composite spring is pivotally 
connected to the parallel vehicle frames by opposing perpendicular brackets welded 
to an upper and lower portion of the vehicle frame. A rubber bushing is preferably 
provided within each bracket and is in contact with opposing sides of the composite 
spring, allowing the spring to pivot between the vehicle frame. 
^K/ [0010] The composite .spring of the present invention is preferably formed with 
carbon and graphite fibers. The /Sinusoidal composite spring blank is preferably 
molded with a neutral axis extepraing along the length of the spring at a midpoint of 
the sinusoidal profile. The blank preferably is formed with carbon fibers extending at 
and below the neutral axis surrounded by glass fibers, both fibers preferably 
impregnated with a hardening substance. The carbon fibers are successfully located 
at and below the nepral axis of the blank by pre-loading the mold frame in tension 
before placing theyframe in the mold. Location of the carbon fibers in this manner 
provides a stronger, more durable composite spring for both a standard and active 
suspension system. 



[0011] 
[0012] 



BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a perspective view of a front wheel suspension of the prior art. 
Figure 2 is a cross-sectional view of a press mold of the prior art. 
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[0013] Figure 3 is a perspective view of a front wheel suspension of the preferred 
embodiment of the present invention. 

[0014] Figure 4 is a cross-sectional view of the preferred embodiment of the 
composite spring of the present invention taken along line 4-4 of Figure 3. 
[0015] Figure 5 is a perspective view of a preferred embodiment of the composite 
spring of the present invention. 

[0016] Figure 6 is a cross-sectional view of the preferred embodiment of the 
composite spring of the present invention taken along line 6-6 of Figure 5. 
[0017] Figure 7 is an end view of the preferred cross-section of the composite 
spring of the present invention. 

[0018] Figure 8 is a perspective view of the preferred method for forming the 
composite spring of the present invention. 

[0019] Figure 9 is a front view of the preferred method for forming the composite 
spring of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0020] The following description of the preferred embodiment(s) is merely 
exemplary in nature and is in no way intended to limit the invention, its application, 
or uses. 

[0021] With reference first to Figure 1, the prior art vehicle front suspension system 
10 is there shown and includes an automotive vehicle frame 12 with an upper control 
arm 14 pivotally secured to the vehicle frame 12 and to the wheel assembly 16 by a 
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ball joint 18 and knuckle 20. A lower control arm 22 is secured to the vehicle frame 
12 by a pivoting connection 24 that allows the lower control arm 22 and the wheel 
assembly 16 to move relative to the vehicle frame 12. The opposite end of the lower 
control arm 22 is similarly attached to the wheel assembly 16 by a ball joint and 
knuckle (not shown.) A stabilizer bar 26 is also shown extending from the wheel 
assembly 16 forward. Secured to the lower control arm 22 and extending upwardly 
toward the vehicle frame 12 is a coil spring 28. Disposed within the coil spring 28 is a 
shock absorber 30. 

55 [0022] Figure 3 is a perspective view of a portion of an active suspension system of 

4= 

□ an automotive vehicle illustrating the preferred embodiment of the present invention. 
53 Some of the elements in Figure 1 correspond to the elements illustrated in Figure 3. A 
L vehicle frame 12 is shown with an upper control arm 14 pivotally secured to the 

■ass? 

m vehicle frame 12 and the wheel assembly 16. A composite spring 32 of the present 

□ invention is shown pivotally secured to the vehicle frame 12 by upper and lower 
brackets 34, 36 preferably welded or bolted to vehicle frame 12. Rubber bushings 38, 
40 are seated within or above the brackets 34, 36 and support the composite spring 
32 within the vehicle frame 12. The composite spring 32 is preferably secured to the 
wheel assembly 16 by a standard ball joint and knuckle (not shown.) 

[0023] Figures 4 through 7 show the composite spring 32 of the present invention. 
With reference to Figure 4, the composite spring 32 is there shown with upper and 
lower brackets 34,36. Lower bracket 36 is shown welded to vehicle frame 12. Rubber 
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bushings 38, 40 are provided within the corresponding brackets 34,36 and support 
the composite spring 32 transversely along the width of a vehicle between parallel 
vehicle frames 12. The composite spring 32 is allowed to pivot within the opposing 
rubber bushings 38,40 and brackets 34,36. 

[0024] The composite spring 32 preferably is formed in a sinusoidal pattern having 
a sinusoidal profile 42 extending transversely as shown in Figure 4 . Figure 5 shows 
the composite spring 32 of the preferred embodiment having a parabolic-shaped 
width 44 extending transversely of the vehicle frame 12. Figures 4, 5 and 7 show a 
neutral axis 46 extending the length of the composite spring 32 at the midpoint of the 
sinusoidal profile 42. Figure 7 shows the preferred formation of the composite spring 
32 having carbon fibers 48 spanning the length of the composite spring 32 at and 
below the neutral axis 46. Glass fibers 50 preferably extend about the carbon fibers 
48 surrounding the carbon fibers 48 and forming the preferred sinusoidal profile 42 
and parabolic-shaped width 44 of the composite spring 32 of the present invention. 
[0025] Figure 6 shows the composite spring 32 preferably having a rectangular 
cross-section 52. This rectangular cross-section 52 is constant throughout the length 
of the composite spring 32. As such, the composite spring 32 is provided with an 
equal surface area A at all points along the length of the composite spring 32 as 
measured in a plane perpendicular to the neutral axis. The rectangular cross-section 
52 preferably has rounded edges 54 formed with a 5/16" radius 56 on all four sides, 
the full length of the composite spring 32. 
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[0026] Figure 2 shows the prior art m^fjdd of forming a conventionally shaped 
composite spring blank 58 for use as a lower control arm 22 (Figure 1.) Typically, 
fibers 60 are continuously wound around/a frame 62 and placed within a mold Q). 
The fibers 60 may be impregnated before or during the curing process. The mold 
chamber 66 forms the shape of the composite spring blank 58. 
[0027] With reference to Figures 8 and 9, the preferred method for forming the 
composite spring blank 68 of the present invention is there shown. Initially, strands of 
carbon fiber 48 preferably impregnated with a hardening substance are wound into 
several layers onto a frame 70. Strands of glass fiber 50 preferably impregnated with 
a hardening substance are wound into several layers onto frame 70 about carbon 
fibers 48. This layering is best shown in Figure 7 and is well known in the art. The 
frame 70 is provided with rotating collars 72,74 and indicated by R at each end for 
even tensioning of the carbon and glass fibers 48,50 during the winding process and 
determines the neutral axis of the resulting composite spring 32. Prior to forming the 
blank 68, the frame 70 with fibers 48,50 wound about collars 72,74, is preloaded by 
placing a downward force on collars 72,74 as shown at F. This downward force F is 
preferably equal on both sides and places the lower fibers 48,50 in tension prior to 
placing the frame 70 in mold chamber 74 of mold 76. By placing the fibers 48,50 in 
tension prior to forming the blank 68, the carbon fibers 48 are located at and below 
the neutral axis 46 of the blank 68 as is preferred by the invention. The pre-loaded 
blank 68 is placed within the sinusoidal shaped mold chamber 74 forming tension on 
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the male mold half 78 and cured. Once the blank 68 is cured and formed, the ends 
80,82 are preferably cut by a wet sanding method and may be tapered 84 as shown 
by dotted lines in Figure 4 to eliminate material where stress is lowest along the 
composite spring 32 at the point of connection to the wheel assembly 16 on either 
end of the vehicle suspension system 10. 

[0028] The transverse composite spring of the present invention is preferably 
formed of carbon and glass fibers where the carbon fibers are stronger and will have 
approximately one third the elongation during vehicle usage than the corresponding 
glass fibers. Thus, the glass fibers provide the necessary spring action while the 
carbon fibers provide the needed strength to the vehicle suspension system of the 
present invention. Further, the sinusoidal profile of the composite spring is shown to 
be the most effective use of the fiber material. The pre-loaded carbon fibers located 
at and below the neutral axis of the spring reinforce the neutral axis and enable a 
vehicle with an active suspension system to more easily hold the vehicle at rest at a 
given height. The composite spring is then driven up and down by the active 
suspension system during vehicle use. 

[0029] The composite spring of the present invention may also be used with a 
conventional vehicle suspension system, however, the preferred embodiment would 
include the use of the present invention in conjunction with a shock absorber. In both 
the conventional and active suspension systems, the composite spring of the present 
invention functions as an integral part of the system by replacing the lower control 
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arm, the stabilizer bar and the coil spring forming a much lighter and space efficient 
system. 

[0030] While the invention has been described in the specification and illustrated in 
the drawings with reference to a preferred embodiment, it will be understood by 
those skilled in the art that various changes may be made and equivalents may be 
substituted for elements thereof without departing from the scope of the invention as 
defined in the claims. In addition, many modifications may be made to adapt a 
particular situation or material to the teachings of the invention without departing 
from the essential scope thereof. Therefore, it is intended that the invention not be 
limited to the particular embodiment illustrated by the drawings and described in the 
specification as the best mode presently contemplated for carrying out this invention, 
but that the invention will include any embodiments falling within the description of 
the appended claims. 
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